We present preliminary data on the utility of functional brain imaging with [99mTc]_d,l_HM_PAO and single photon emission computed tomography (SPECT) in the study of patients with dementia of the Alzheimer type (DAT). HIV-related dementia syndrome, and the "on-off" syndrome of Parkinson's disease. In compari son with a group of age-matched controls, the DAT pa tients revealed distinctive bilateral temporal and posterior parietal deficits, which correlate with detailed psycho metric evaluation. Patients with amnesia as the main symptom (group A) showed bilateral mesial temporal lobe perfusion deficits (p < 0.02), More severely affected pa tients (group B) with significant apraxia, aphasia, or ag nosia exhibited patterns compatible with bilateral re duced perfusion in the posterior parietal cortex, as well as reduced perfusion to both temporal lobes, different from There has been renewed interest in the study of patients with dementia. The prevalence of this clin ical condition is increasing. There is a relative growth in the proportion of the surviving elderly, and this allows for more psychiatric manifestations to develop. Alzheimer's disease is by far the most common cause of dementia, affecting up to 5% of the population over the age of 65 years, and 20% over the age of 80 years (Terry and Katzman, 1983) .
methyl-propylene amine oxime-SPECT, single photon emis sion computed tomography-OAT, dementia of Alzheimer type-HIV, human immunodeficiency virus-rCBF, regional ce rebral blood flow-THA, tetrahydroaminoacridine-COR, clin ical dementia rating-MBq, megabecquerel-RCP, radiochemical purity-SME, Strichman Medical Equipment-IGE, Interna tional General Electric-OM, orbitomeatal line-PET, positron emission tomography. 5109 the patients of the control group (p < 0.05). SPECT stud ies of HIV patients with no evidence of intracraneal space occupying pathology showed marked perfusion deficits. Patients with Parkinson's disease and the "on-off' syn drome studied during an "on" phase (under levodopa therapy) and on another occasion after withdrawal of levodopa ("off') demonstrated a significant change in the uptake of [99mTc]-d,l-HM-PAO in the caudate nucleus (lower on "off') and thalamus (higher on "off'). These findings justify the present interest in the functional eval uation of the brain of patients with dementia. [99mTc]_ d,l-HM-PAO and regional cerebral blood flow (rCBF)/ SPECT appear useful and highlight individual disorders of flow in a variety of neuropsychiatric conditions. Key Words: [99mTc]-d,I-HM-PAO-rCBF/SPECT-Dementia of Alzheimer type-Parkinson's disease-HIV.
In Britain, it is estimated that 1 in 14 of the 8 million men and women over the age of 65 years are de mented (Rossor, 1987) . The recent and progressive impact of human immunodeficiency virus (HIV) in fection in the popUlation as a whole is a major con cern-patients may present with neurological! psychiatric complications. Last, but not least, there are signs of progress in the biochemical recognition of the underlying pathophysiology in some of these conditions (e. g., Parkinson' s disease). New treat ments are being developed [microsurgery and auto or heterograft of adrenal medulla to caudate nucleus in Parkinson' s disease; tetrahydroaminoacridine (THA) for treatment of dementia of the Alzheimer type].
With refinement in diagnosis (most dementias can now be subclassified) and with scope in treatment, there is a need for objective studies to map out (preferentially in a quantitative fashion) the under lying features of abnormal chemistry and function. While positron emission tomography (PET) leads the research in this direction, single photon emis sion computed tomography (SPECT) is the only rel evant alternative in the clinical routine.
In this preliminary report, we present regional cerebral blood flow (rCBF) maps in patients with dementia [Alzheimer type (DAT) and HIV -related dementia syndrome] and patients with the "on-off' syndrome of Parkinson' s disease.
The rCBF investigations were carried out using [99mTc]-d,I-HM-PAO and SPECT utilizing either a gamma camera/computer system or a specialized single-slice tomographic brain scanner.
PATIENTS

Dementia of the Alzheimer type (DAT)
Nine DAT patients (Table 1) satisfied the standard cri teria for the clinical diagnosis of Alzheimer's disease (Mc Khann et ai., 1984) and were studied along with an age matched control group of five individuals recruited be tween wives and spouses of patients. All of these 14 sub jects had an X-ray CT brain scan and were submitted to neuropsychometric tests using the Mini Mental State Ex amination (MMSE) (Folstein et ai., 1975) and the CAM COG Battery, which is part of the Cambridge Mental Dis order of the Elderly Examination (Roth et ai., 1986) . It comprises tests of memory, language, praxis, perception, calculation, and abstraction.
The nine DAT patients were subdivided into two sub groups on the basis of clinical severity based on the Clin ical Dementia Rating (CDR) (Hughes et ai., 1982) . One (group A) consisted of four patients with amnesia as the predominant symptom, and the other (group B) consisted of five more severely affected patients with significant apraxia, aphasia, or agnosia.
HIV -related dementia syndrome
Three HIV male patients (age range from 33 to 55 years) with symptoms of early dementia and no signs of organic brain disease were studied. 
Parkinson's disease
Six patients with Parkinson's disease and well established "on-off' syndrome were studied twice: once during an "on" phase on levodopa therapy and a second time when levodopa was withdrawn. Their age, sex, "on" and "off' grades, and maintenance doses of levo dopa are shown in Table 2 . Patient staging (Hoehn and Yarh) ranged from stage II (bilateral or midline involve ment, without impairment of balance) to stage V (con fined to bed or wheelchair unless aided, due to complete immobility and severe rigidity). None of the patients pre sented with stage I (unilateral involvement only, minimal or no functional impairment).
Imaging protocol
Patient preparation
METHODS
The procedure was explained to all patients, a consent form signed, and patients were asked to increase the in take of liquids after the study as well as to maintain reg ular bowel movements.
A total of 10 MB q/kg of patient weight of [99ffiTcJ-d,I-HM-PAO was administered i.v. using a 19gauge cannula filled in with saline and free of blood. Twenty milliliters of isotonic saline was used to flush the tracer through the injection system. The injection was carried out in a quiet room, with the patient sitting, eyes open within 10-15 min of kit reconstitution. Radiochem ical purity (RCP) control was always performed accord ing to the manufacturer's recommendations (Amersham International, London, U.K.). The RCP was always greater than 90%.
Patients were afterwards positioned supine, centered on the edge of the field of view of the rotating gamma camera in order to minimize the distance between the brain and the radiation detector. The head was immobi lized to minimize movement artefacts.
Three patients with Parkinson's disease were studied with a single-slice brain tomograph (SME 810). All of the other patients were investigated with the IGE 400 AC/ST ARC AM system. One of the patients with Parkin son's disease presented marked rigidity on both occa sions ("on" and "off '), and for his comfort and to achieve the minimum circle of rotation, he was positioned prone instead of supine.
Data acquisition
Data acquisition parameters are specified in Tables 3  and 4 . M  III  V  1000  2  52  M  IV  V  800  3  72  M  III  V  1100  4  72  M  II  IV  1100  5  62  F  III  V  750  6 50 M II IV 500 This is shown in Table 5 . Initially, 2 pixel (6.6 mm) tomograms were obtained from the entire volume of the brain (for the gamma camera studies). Transverse [parallel to the orbitomeatal (OM) line], coronal, and sag ittal slices were processed. After inspection and interpre tation of these, detailed quantitative analysis was carried out using the coronal slices (see below).
Quantitative analysis (cerebrum/cerebellum activity ratios)
Dementia: Regions of interest of 4 x 4 pixels (13.2 x 13.2 mm) were used to obtain cerebrum/cerebellum ac tivity ratios in coronal slices (2 pixel width-6.6 mm). The volume of each sample was thus 13.2 x 13.2 x 6.6 mm = 1.15 cm3• Several frontal, lateral, and mesial temporal, parietal, and posterior parietal (parieto-occipital) cortical samples were obtained from three or four contiguous slices for each of these brain regions. At least four mea surements were performed for each of the cortical areas on each hemisphere. These were averaged to calculate the mean counts per voxel corresponding to each cortical region studied. A similar calculation was performed in at least three contiguous slices of the cerebellum. Figure 1 shows how the regions of interest were placed in the dif ferent cortical areas of the brain.
The average counts per voxel of each cortical area were then divided by the average counts per voxel found in the cerebellar hemisphere with the highest activity.
These ratios for patients with dementia of the Alzhe imer type were compared with the ones obtained for the subjects in the age-matched control group. The Student's t test for nonpaired samples was used to compare the results obtained for each of these groups. The same type of analysis was carried out in HIV pa tients.
Parkinson's disease: In this case, the aim of the quan titative analysis was to compare the two different studies undergone by each patient. Three patients were studied with the IGE 400AC/ST ARCAM system and the other three underwent the two SPECT investigations using the single-slice tomographic brain scanner. In the latter case, it was not possible to obtain slices from the cerebellum due to position difficulties in some patients. Therefore, irregular regions of interest were drawn around the basal ganglia (head of caudate nucleus) and thalamus on both sides on two contiguous transverse slices, 20 and 35 mm above the orbitomeatal line. The total counts on each region of interest was divided by the total counts on the correspondent brain slice and multiplied by 100 to obtain a percentage of uptake that was averaged for the two contiguous transverse slices studied.
A simple calculation allowed for the determination of the percentage of change from "on" to "off" studies in the caudate nucleus and thalamus, as follows:
Left over right (UR) hemisphere and average gray over white (G/W) matter ratios were calculated in both studies.
RESULTS
Dementia
A qualitative comparison between the pattern of distribution of [99ffiTc]-d,I-HM-PAO brain uptake and the X-ray CT brain scan demonstrated that in some cases the perfusion abnormalities were more extensive than the areas of cortical atrophy (Figs. 2  and 3) . In older patients, this qualitative evaluation was insufficient to distinguish the normal reduction in perfusion with age from that caused by the un derlying pathological condition. This was particu larly apparent for the transverse slices. However, coronal slices were more helpful and always permit ted us to differentiate between normal subjects and OAT patients. This was confirmed by quantitative analysis, the results of which are shown in Table 6 .
The cerebrum/cerebellum ratios for the DAT pa- tients in group A were significantly lower than those of the control group in the mesial cortex of the right temporal lobe (0.68 vs. 0.77, p < 0.02). These ratios for the contralateral cortical structure (0.64) were lower than the control group (0.74), but did not reach significance (p = 0.058). The cerebrum/cerebellum ratios for the DAT pa tients in group B were significantly lower than those of the control group in the right temporal lobe (me sial-0.66 vs. 0.77, p < 0.02; lateral cortex-0.70 vs. 0.78, p < 0.02) and in the posterior parietal (pa rieto-occipital) cortical areas of both hemispheres (0.66 vs. 0.79, p < 0.05).
Findings for the rCBF/SPECT studies of the three HIV patients were similar to the findings of DAT patients. One of them, a 40-year-old male, showed a pattern of perfusion very similar to the one found in severely affected DA T patients (group A B). The discrepancy between the rCBF/SPECT in vestigation and the CT brain scan was remarkable (Fig. 4) . The cerebrum/cerebellum ratios obtained from the rCBF/SPECT study of this particular pa tient were as follows: temporal lobe right mesial cortex, 0.70; temporal lobe left mesial cortex, 0.69; right posterior parietal cortex, 0.73; and left poste rior parietal cortex, 0.71.
Parkinson's disease
There was no significant difference in the R/L and G/W ratios between the phases "on" and "off' levodopa (Table 7) . However, a consistent change in the uptake of e9mTc]-d,I-HM-PAO was found either in the caudate nucleus or the thalamus of these patients. Figure 5 clearly demonstrates that the uptake in the head of caudate nucleus decreased in all patients when levodopa was withdrawn. The 
DISCUSSION
Dementia of the Alzheimer type
Positron emission tomography (PET) studies us ing either 150 (Frackowiak et aI., 1981) to assess rCBF and oxygen utilization or e8FJ deoxyglucose (Benson et aI., 1983) to study glucose metabolism have revealed deficits of tracer uptake in the tem poroparietal cortex and in the frontal cortex of DAT patients (Foster et aI., 1984) . PET, however, is still expensive, labor intensive, and restricted to the large university centers (Leenders et aI., 1985) .
An original feature of this study is the utilization of coronal maps of rCBF, taking full advantage of the instrumentation used (the rotating Anger gamma camera studying the entire volume of the brain). This permits reconstruction of data in all planes of choice. In contrast, most published stud ies have used transaxial maps for the study of rCBF, not by choice but by limitations imposed by instruments and/or computers. The majority of pos- OAT patients itron emission tomography (PET) studies still do not record data from the whole volume of the brain. Sampling is obtained from selected planes of inter est.
Coronal maps of rCBF have distinct advantages. They display better the mesial and lateral cortex of the temporal lobe and simplify the comparison with the parietal cortex (Fig. 3 ). In the same slice, supe rior and inferior parietal cortical areas are simulta neously displayed.
This study shows for the first time that rCBF/SPECT can demonstrate abnormalities of flow with changes that are compatible with the al terations found on psychometric testing. Foster et al. (1988) have recently demonstrated mesial and lateral involvement of the temporal lobe in DAT patients studied with 18F-Iabeled glucose. Our find ings are entirely consistent with his but obtained with generally available methodology.
HIV -related dementia syndrome
Brain lesions confined to the white matter have recently been reported in HTL V -1 antibody- positive, symptomless individuals using magnetic resonance imaging (MRI) by Mattson et al. (1987) and Tournier-Lasserve et al. (1987) . We have shown perfusion abnormalities in the brain of HIV patients (Ell et aI., 1987) , which are similar to the ones found in patients with dementia of the Alz heimer type (group B). rCBF/SPECT studies with [99ffiTc]-d,I-HM-PAO may have a role in the early assessment of these patients.
Parkinson's disease
In our small series of SPECT studies, the pattern of change between "on" levodopa therapy and its withdrawal ("off") phase is consistent with the changes reported by Leenders et al. (1985) . The present improved resolution of the gamma camera instrument has allowed for the separation of the caudate nucleus in all patients' rCBF/SPECT stud ies. Whether the changes encountered (decreased perfusion after levodopa withdrawal) are purely rCBF dependent or due to other causes remains unexplained. It is very interesting that the [99ffiTc]-d,I-HM-PAO uptake in the thalamus changed in the opposite direction. This may be due to altered cortical activity that is present in these patients with rapid and alternate changes in motor activity according to the levodopa administration. With PET, Leenders et al. (1985) have demon strated an uncoupling between flow and oxygen me tabolism, and Warner et al. (1982) showed that levo dopa produces a regional increase of glucose utili zation in the motor nuclei and hypothalamus of rats.
CONCLUSION
[99ffiTc]-d,I-HM-PAO and SPECT show cortical perfusion deficits in patients with dementia of the Alzheimer type confined to the temporal and pos terior parietal lobes, bilaterally. Moreover, it dem onstrates that there appears to be a relationship be tween amnesia and reduced [99ffiTc]-d,I-HM-PAO uptake in the mesial temporal cortex. On the other hand, more severely affected patients (group B) show larger perfusion deficits, extending from the temporal to the posterior parietal areas of the brain. Patients with HIV -related dementia syndrome show rCBF patterns similar to the ones found in DAT patients. The cases of Parkinson' s disease with "on-off' syndrome showed significant changes in the uptake of [99ffiTc]-d,I-HM-PAO in the basal gan glia (caudate nucleus) and thalamus. rCBF/SPECT is a practical and viable methodol ogy. It is in use in the affiliated university as well as the non-teaching hospital environment. This study shows its efficacy in the evaluation of a variety of patients suffering from different degrees of demen tia. It can be used, with a semiquantitative algo rithm, in the monitoring of therapeutic protocols. Functional images of excellent quality can be re corded, with the entire volume of the brain being displayed in any chosen plane. rCBF/SPECT find ings add an objective facet to modern psychometric analysis and help in the localization and extension of the disease.
